INTRODUCTION
============

Almost all prostate cancers express androgen receptor, and the growth and survival of prostate cancer initially depends on continued activation of the androgen receptor by androgens. Therefore, androgen deprivation therapy (ADT) has been a mainstay of treatment against prostate cancer \[[@B1],[@B2]\]. The use of ADT has been increasing steadily in all stages of prostate cancer: as primary therapy for those with localized disease or who are unfit for radical local treatment, as an adjunct to radiotherapy or surgery for those with locally advanced (high-risk) disease, as treatment for biochemical relapse after failure of localized therapy, and as treatment for men with metastatic disease, with and without symptoms \[[@B2],[@B3]\].

Although the majority of patients with prostate cancer initially respond to ADT, almost all patients ultimately develop tumor progression despite castrate levels of testosterone, which is often referred to as castration-resistant prostate cancer (CRPC) \[[@B4]-[@B7]\]. Treatment options for CRPC remain limited, and the prognosis of patients with CRPC is dismal, with a median survival of 12 to 18 months \[[@B5]\]. For management of these patients, antiandrogen withdrawal, second-line ADT (alternative antiandrogen, estrogen and ketoconazole), and cytotoxic chemotherapy may be considered \[[@B2],[@B8]\].

Despite advances in cytotoxic chemotherapy, secondline ADT is often used after the development of CRPC because many patients with CRPC remain sensitive to secondary hormonal manipulations. Second-line ADT either lowers the androgen levels further or directly antagonizes the androgen receptor in prostate cancer cells \[[@B1],[@B7]\]. Several investigators have reported the usefulness of alternative ADT for treating resistance to first-line ADT \[[@B1],[@B9]-[@B15]\].

Therefore, we analyzed the clinical effects of an alternative antiandrogen for second-line maximum androgen blockade (MAB) in patients with relapsing prostate cancer who received first-line MAB in Korea.

MATERIALS AND METHODS
=====================

We retrospectively reviewed the medical records of 47 patients with histologically confirmed prostate cancer who relapsed after initial MAB from January 1998 to December 2009.

For first-line therapy, all patients were initially treated with MAB consisting of either bilateral orchiectomy or medical castration with luteinizing hormone-releasing hormone (LHRH) agonist (3.6 mg goserelin acetate or 3.75 mg leuprorelin acetate every 4 weeks) plus antiandrogen (50 mg bicalutamide or 200 mg cyproterone acetate daily). The selection of the antiandrogen drug was left to the individual doctor\'s discretion.

Serum prostate-specific antigen (PSA) levels were measured by using a chemiluminescent enzyme immunoassay at least once every 4 or 8 weeks. Clinical staging was evaluated according to the 1997 TNM classification.

If disease was determined to be relapsed (increasing PSA on 3 successive occasions) after initial MAB, the first-line antiandrogen was stopped. In 7 patients, the patients were assessed for antiandrogen withdrawal syndrome (AWS) and an alternative antiandrogen (switching from bicalutamide to cyproterone acetate or from cyproterone acetate to bicalutamide) was then started. In 40 patients, second-line MAB therapy with an alternative antiandrogen was started without evaluation of AWS. AWS was defined as a decrease in PSA levels of greater than 50% after the stoppage of initial antiandrogen. In all cases, LHRH agonist administration was continued to maintain medical castration after failure of first-line MAB.

We investigated age, initial serum PSA level, Gleason score, clinical stage, and AWS response. We also analyzed serum PSA level (baseline and nadir), response to ADT, time to nadir PSA, and response duration for both first- and second-line MAB.

With first-line MAB, a complete response (CR) was defined as a decrease in PSA levels to less than 4 ng/ml, whereas a partial response (PR) was considered to be a decrease in PSA levels of greater than 50% with a concentration not less than 4 ng/ml.

For all patients in this study, the duration of response was defined as the period from the start of ADT to increasing PSA on 3 consecutive occasions.

We classified the patients as responders (subdivided into 2 groups: ≥50% and \<50% PSA reductions) and nonresponders (PSA elevation) in second-line MAB. We then compared these 3 groups with respect to the above-mentioned factors to clarify the clinical differences.

The method of statistical analysis used was ANOVA and chi-square test (with Fisher\'s exact test) using SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). A p-value of \<0.05 was considered to be statistically significant.

RESULTS
=======

Patient characteristics are presented in [Table 1](#T1){ref-type="table"}. The age distribution ranged from 62 to 87 years with a mean age of 75.9±6.5 years. PSA before treatment was 227.7±602.6 ng/ml (range, 4.49-3,497 ng/ml). Gleason scores were less than 7 in 7 patients (15.2%), 7 in 12 patients (26.1%), and more than 8 in 27 patients (58.7%). We could not determine the Gleason score in one patient with mucinous prostate adenocarcinoma. For clinical stage, greater than T3 disease, regional lymph node metastases, and distant metastases were found in 28 (59.6%) patients, 16 (34.0%) patients, and 13 (27.7%) patients, respectively. In first-line MAB, orchiectomy was performed in 9 patients (19.1%) and LHRH agonists were administered in 38 patients (80.9%). AWS was assessed in 7 patients and observed in 3 (42.9%) patients with a mean duration of 2.7 months.

Clinical factors in responders and nonresponders to second-line MAB are compared in [Table 2](#T2){ref-type="table"}. Of the 47 patients treated with second-line MAB, 32 (68.1%) were considered to be responders. Twenty-three (48.9%) achieved ≥50% PSA reductions (mean response duration: 13.4±5.4 months) and 9 (19.2%) reached \<50% PSA reductions (mean response duration: 12.2±6.2 months). Fifteen (31.9%) of the 47 patients had an increase in the PSA level with second-line MAB and were considered to be nonresponders.

There were no statistically significant differences between these groups except that the time to nadir PSA level after first-line MAB of the second-line responders was longer than that of the nonresponders (p=0.038). The time to nadir PSA level after first-line MAB was 15.6±12.9 months, 11.8±6.0 months, and 8±6.5 months in the ≥50% PSA reduction group, \<50% PSA reduction group, and PSA elevation group, respectively.

DISCUSSION
==========

Prostate cancer is the most common cancer in men in the United States and the incidence of this disease is rapidly increasing in Korea \[[@B5],[@B16]\]. Traditionally, androgen deprivation was achieved by bilateral orchiectomy and oral estrogen \[[@B17]\]. The goal with ADT is to reach castrate levels of testosterone. From this point of view, elimination of the production of gonadal testosterone can be insufficient because a small amount of testosterone is produced in the adrenal glands and contributes to prostate cancer progression. Huggins and Scott demonstrated the secondary benefit of a bilateral adrenalectomy in a castrated man \[[@B18]\]. Their finding of a clinical benefit from eliminating all androgens produced in the body was the first demonstration of the benefit of MAB \[[@B4]\]. MAB has progressed with the discovery of LHRHs, the development of LHRH agonists, and the discovery of antiandrogens \[[@B4]\]. From the most recent systematic reviews and meta-analyses, it appears that at a follow-up of 5 years, MAB with antiandrogens provides a small but statistically significant survival advantage (\<5%) when compared with LHRH monotherapy \[[@B6],[@B19],[@B20]\].

Initially, ADT is effective against prostate cancer. But nearly all patients develop tumor progression despite castrate levels of testosterone \[[@B4]-[@B8],[@B21]\]. This clinical condition has been described as androgen-independent or hormone-refractory prostate cancer (HRPC). However, these previously used terms have largely been replaced with the term CRPC, with the awareness of the persistent androgen receptor signaling activity despite castrate serum testosterone levels \[[@B5]\]. It is important to differentiate CRPC from true HRPC. Although CRPC responds to secondary hormonal manipulations, true HRPC resists all hormonal measures \[[@B6]\].

No clear-cut recommendation can be made for patients with PSA elevation after first-line MAB. In the 2010 version of the European Association of Urology (EAU) guidelines, it is recommended to continue ADT with LHRH agonists, despite PSA progression; to stop antiandrogen therapy once PSA progression is documented after first-line MAB; and then to assess AWS \[[@B6]\]. AWS was initially documented in patients who discontinued flutamide upon the development of CRPC \[[@B6],[@B22]\]. In many previous studies, response was observed within 2 to 6 weeks after antiandrogen withdrawal and ≥50% PSA reduction was achieved in 15% to 30% of patients. But the response duration is short, with a median duration of 3.5 to 5 months \[[@B6],[@B10],[@B11],[@B14],[@B22],[@B23]\]. In the present study, 7 of 47 patients were evaluated for AWS. AWS was observed in 3 of 7 (42.9%) patients with a mean response duration of 2.7 months. Because there is no standard treatment for patients with disease progression after first-line MAB, not all of those enrolled but only a small number of patients were assessed for AWS. Therefore, our results are not consistent with the analysis of previous reports related to AWS.

Based on prospective randomized phase 3 trials, docetaxel at 75 mg/m^2^ at 3-wk intervals in combination with prednisone represents the cytotoxic regimen of choice in men with CRPC resulting in a median survival benefit of 3 months and a significant improvement of pain and quality of life when compared with mitoxantrone \[[@B6],[@B24],[@B25]\]. But most cytotoxic chemotherapy produces severe systemic side effects and reduces quality of life. Therefore, the antiandrogen may be switched to an alternative antiandrogen in patients who relapse after initial MAB.

The effectiveness of alternative antiandrogens has been demonstrated through various studies \[[@B1],[@B9]-[@B15]\]. Miyake et al reported that second-line ADT (flutamide) resulted in a reduction of the PSA level in 25 of 55 patients (45%), the median (range) duration of the PSA response was 6 (1-13) months after the start of second-line therapy \[[@B13]\]. In the study by Suzuki et al, after switching to an alternative antiandrogen (from bicalutamide to flutamide and from flutamide to bicalutamide), ≥50% and \<50% PSA reductions were observed in 35.8% and 25.4% of patients, respectively, and the overall response duration was more than 202 days \[[@B11]\]. Nakabayashi et al also reported that nilutamide appeared to have activity as a secondary ADT, and 8 of 45 patients (40%) achieved ≥50% PSA reductions with a median (range) time to progression of 4.4 (range, 0.31-44.7) months \[[@B14]\]. In the present study, after second-line MAB, there was a PSA reduction in 32 of the 47 (68.1%) patients and 23 of the 47 (48.9%) patients achieved ≥50% PSA reduction. The mean duration of PSA response was 13.4±5.4 months in the ≥50% PSA reduction group and 12.2±6.2 months in the \<50% PSA reduction group. The mean duration of PSA response in our studies was longer than in previous reports. This result may be because of the relatively small study population (sample size) with three patients showing a very long response duration (21, 25, and 29 months) and early switching to an alternative antiandrogen by frequent PSA follow-up.

In view of the clinical characteristics of responders to second-line MAB, various predictive factors have been suggested through previous studies. Suzuki et al reported that the significant clinical factors that predicted the response to second-line ADT were clinical stage, M category, and the response to first-line MAB therapy \[[@B11]\]. Nishimura et al concluded that patients who had a longer response duration to first-line MAB had a significantly greater response to second-line MAB \[[@B12]\]. Miyake et al reported that patients without bone metastases or those whose disease progressed \>1 year after first-line therapy had a significantly higher incidence of PSA response to second-line therapy \[[@B13]\]. Compared with previous studies, our study showed that the significant clinical factor predicting response to second-line MAB was the time to nadir PSA level after first-line MAB.

This study had several limitations. First, our study was retrospective and had a relatively small study population. Furthermore, only 7 of 47 patients (14.9%) were assessed for AWS. For these reasons, the mean response duration of second-line MAB and the predictive factors of good responsiveness to second-line MAB differed from previous studies. Second, we could not evaluate patient survival, such as cause-specific survival and overall survival. Large, prospective, randomized clinical trials including the analysis of survival benefit of alternative antiandrogen therapy should be conducted.

CONCLUSIONS
===========

Our results demonstrate PSA reduction in 68.1% of patients who relapse after initial MAB, with a response duration of 13 months, and confirm previous findings that second-line MAB using an alternative antiandrogen is effective. Also, our results show that the time to nadir PSA level after first-line MAB predicts responsiveness to second-line MAB.

Second-line MAB using an alternative antiandrogen is an attractive therapeutic option and can be used to delay time to cytotoxic chemotherapy. Further investigation is necessary to clarify the clinical factors that predict responsiveness to second-line MAB and to assess whether alternative antiandrogen therapy contributes to survival benefit.
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Patient characteristics
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AWS: antiandrogen withdrawal syndrome, LHRH: luteinizing hormone-releasing hormone, PSA: prostate-specific antigen, ^a^: a Gleason score could not be determined in one patient with mucinous prostate adenocarcinoma.
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Comparisons of clinical factors in responders and nonresponders to second-line MAB
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AWS: antiandrogen withdrawal syndrome, CR: complete response, MAB: maximum androgen blockade, PR: partial response, PSA: prostate-specific antigen, ^a^: ANOVA, ^b^: chi-square test (with Fisher\'s exact test), ^c^: a Gleason score could not be determined in one patient with mucinous prostate adenocarcinoma.
